Cartilages growth requires activation of perichondrial cells and chondrocyte multiplication. Activated perichondrial cells produce an outer cartilage matrix and in appositional growth and chondrocytes division produce new chondrogenic cells which participate in interstitial growth of cartilage. This study was performed to identify a third type of cartilage growth in skeletal elements of quail embryos at 6, 7, 8, 9, 10, 13, 16 , 17 days of incubation. Paraffin sections of the whole embryos were stained using H&E and Safranin O stains. Immunohistochemical staining for C-KIT, matrix metallpoproteinase-9 (MMP-9) and type II collagen was performed. Other samples were processed for scanning and transmission electron microscopy. We found that cells extended form mesenchymal tissue or perichondrium penetrated the cartilage templates of different skeletal elements. The morphological and immunohistochemical characteristics of these cells were identical to mesenchymal cells; characterized by their small size, having multiple cell processes and staining positive for C-KIT. MMP-9 positive cells were detected in cartilage matrix. The mesenchymal cells further differentiated into chondrocytes which were positive for type II collagen immunostaining and secreted Safranin O positive cartilage matrix. In conclusion, our results suggest that C-KIT positive mesenchymal cells secrete MMP-9 to penetrate growing cartilage, produce type II collagen and proteoglycan and have a role in interstitial growth of embryonic cartilage templates in quail. (Graphical Abstract).
Introduction
Cartilaginous growth and renewal depend on the production of new chondrocytes. This is achieved either by interstitial division of existing chondrocytes, which result in the lengthening of the cartilage (interstitial growth), or by differentiation of perichondrial stem cells which are responsible for diametric growth of the cartilage (appositional growth) [1] . The invasion of undifferentiated cells during cartilage development is associated with endochondral ossification in long bone. The invading cells induce the osteogenic cell lineage to transform the cartilaginous tissue to bone tissue [2] . MMP or matrixins are a class of metal-dependent endopeptidases. They cause proteolytic degradation of ECM components which is essential for tissue remodeling during physiological or pathological conditions. MMPs subtypes, such as collagenases, gelatinases, stromelysins, and membrane type MMPs (MT-MMPs), have different structural domains and substrate [3] . Gelatinase enzymes are gelatinase A (MMP-2) and gelatinase B (MMP-9). MMP-9 responsible for angiogenesis, the migration of immune cells, the activation of cytokines and chemokines, and cancer progression [4] . MMP-9 degrades various components of extracellular matrix such as collagen types IV, V, XIk´, XIVl´, elastin, aggrecan, link protein, decorinr, lamininn, entactin, SPARCq, myelin basic proteinm,∞2Mn, ∞1Pli, IL-1βj, proTNF-∞k [5] .
Previous studies provide evidence for the involvement of mesenchymal cells in cartilage growth. In the air-breathing organ of catfish, the invading mesenchymal cells differentiate into chondrogenic cells, which contribute to the growth and renewal of the supporting elastic cartilage. Moreover, interstitial mesenchymal cells differentiation is involved in replacement of hyaline cartilage by the elastic type [6] . Moreover, mesenchymal cells invasion occurs in the tibia and femur of quail embryos prior to the onset of endochondral ossification process and responsible for interstitial cartilage growth. Undifferentiated cells of perichondrial origin invade the central region of the cartilage template. These invading cells acquire a chondrogenic lineage and secrete new cartilage matrix [7] . The purpose of the current study was to investigate a similar mode of cartilage growth contributed in the growth of different skeletal cartilaginous elements in quail embryos (Coturnix coturnix japonica).
Materials and Methods
For the purpose of the study, we chose embryonic stages in which cartilage templates of different skeletal elements developed. Day 6 is considered the beginning of cartilage template formation in quail embryos [7] . Therfore, we collected samples in the early stages of the development from day 6 to day 9 (stage 25 to 28 according to [8] to evaluate the occurrence of mesenchymal cells in different cartilaginous elements. We used later embryonic stages, specifically days 13, 16, and 17; the last day of incubation (stage 32, 35, 36 according to [8] characterize the mesenchymal cells in cartilage templates. All processed samples for light microscopy analysis and morphological examination allowed for determination of the cell lineage and its properties. We used immunostaining to identify mesenchymal cells and embryonic chondrogenic cells, while and cellular invasion was identified using a polyclonal rabbit anti-c-kit (CD 117), a monoclonal mouse antichicken antibody against type II collagen and mouse anti-rabbit antibody against matrix metalloproteinase-9 (MPP-9).
Preparation of paraffin embedding samples
The study used fertile quail (Coturnix coturnix japonica) eggs obtained from the Research Quail Farm connected to the Department of Histology, Faculty of Veterinary Medicine, South Valley University in, Qena, Egypt. The fertilized eggs were incubated in a c10 "POULTRY TECHNICAL OFFICE, Alexandria, Egypt" at 37.5°C with a relative humidity of 65%. The eggs were rotated automatically every 6 hours after the 3rd day of incubation. We collected 21 quail embryos at day 6, 7, 8, 9, 13, 16 and 17 of incubations ( Figure 1 ). Embryonic stages were determined upon the onset of incubation. Then 6-9day embryos were kept at -20°C for 4 hours prior to collecting. Egg shells were opened at the broad end, and apparently healthy embryos were carefully excised from their shells. Embryos at day 13 and 16 were euthanized by decapitation. All embryos were immediately fixed in 10% buffered formalin for 3 days and Bouin's solutions for 8 hours. Fixed samples were dehydrated in ascending grades of alcohols at 70%, 80%, 90% and 100% for 90 minutes at each concentration. The sampled were cleared using methyl benzoate. Dehydrated samples were then impregnated and embedded in Paraplast (sigma Aldrich). Serial sections of 3-5µm were cut using a Richert Leica RM 2125 Microtome, Germany and mounted on glass slides. Sections were kept in an incubator at 40°C for dryness and stained with H&E [9] and safranin O [10] . Stained sections were examined using DMLS light microscope (Leica, Germany) outfitted with MC120 HD camera (Leica, Germany).
Immunohistochemistry
Immunohistochemical staining was performed on paraffin sections of 8-day quail embryos were mounted on SuperfrostTM plus microscope slides. Antigen localization was performed using a polyclonal rabbit anti-c-kit antibody against CD 117, a mouse anti-rabbit against MMP-9, and a monoclonal mouse anti-chicken antibody against type II collagen. Visualization of the reaction was performed using the reagent of UltraVision Detection System (Anti-Polyvalent, HRP/DAB (ready to use) Thermo Fischer Scientific TP-015-HD) according to the manufacture's instructions, combined with the Avidin-Biotin Complex (ABC) technique [11] . Sections (5 µm) of paraffin-embedded tissue were dewaxed, rehydrated and rinsed in phosphate-buffered saline (PBS) (pH 7.4), and treated with 3% hydrogen Peroxide to inhibit endogenous peroxidase. For antigen retrieval, slides were placed in 10 mM sodium citrate buffer (pH 6.0) and heated to 95-98 in a water bath for 20 minutes followed by cooling for 20 min at room temperature. Sections were then rinsed in PBS (pH 7.4). Sections were covered with Ultra V block (refer to Table 1 Part I, Thermo Fisher scientific, USA) for 5 minutes at room temperature to block non-specific background staining. Sections were incubated with the primary antibodies at room temperature for 1 hour or overnight according to their respective data sheet. Antibody sources, dilution, and incubation duration are shown in Table 1 Part III, and as described previously [12] . Slides were washed with PBS (pH 7.4), followed by incubation for 10 minutes at room temperature with a biotinylated secondary antibody applied drops-wise on the section. Slides were rinsed in PBS (pH 7.4), followed by drops-wise addition of the drops of streptavidin-peroxidase complex (Thermo Fisher scientific, USA) and incubated for 10 minutes at room temperature followed by another rinse in PBS pH 7.4. Visualization of the bound antibodies was performed using one drop of diaminobenzidine (DAB) Plus chromogen mixed with 2 ml of DAB Plus substrate. Applied directly on the tissue and incubated for 5 -10 minutes at room temperature. Note: all incubations were performed in a humid chamber to avoid tissue dessication. Sections were counterstained in Harris hematoxylin for 30 seconds, dehydrated and mounted with DPX. Negative controls were performed by omitting the primary antibodies. Immunohistochemical stains were examined by light microscopy (Leica, Germany) outfitted with MC120 HD camera (Leica, Germany).
SEM preparation
The heads of 3 quail embryos at day 8 were longitudinally and transversely cut into small pieces which were then fixed in Karnovasky fixative (10 ml paraformaldehyde 25%, 10 ml glutaraldehyde 50%, 50 ml of 0.1 M sodium-phosphate buffer (pH 7.2), and 30 ml D.W) as shown in Table 2 [12] . Specimens were washed in 0.1 M sodium -phosphate buffer (pH 7.2), post-fixed in 1% osmic acid in 0.1 M sodium-phosphate phosphate buffer and followed by another in 0.1 M sodium-phosphate buffer (PH 7.2). Samples were then dehydrated in alcohol as described previously and immersed in iso-amyl acetate. The dehydrated samples underwent critical point drying using a Polaron apparatus (Critical Point Drying Procedure Polaron E3000 CPD Apparatus, Quorum Technologies, Germany). As a final step, samples were coated with gold using an JEOL-1100 E-ion sputtering device and images were captured by a JEOL scanning electron microscope (SEM; JSM-5400 LV) at 10KV.
Preparation of resin embedded and transmission electron specimens
Representative specimens of heads from 8-day quail embryos were longitudinally and transversely cut into small pieces which were used for semithin sections. Small pieces 2.0-3.0 mm long were fixed in Karnovsky fixative, [13] at 4°C overnight. Specimens were washed (4 × 15 minutes) in 0.1 M phosphate buffer (pH 7.2). All samples were post-fixed 1% in osmium tetroxide at 4°C for 2 hours in the dark followed by washing (3 × 20 minutes) in 0.1 M phosphate buffer (pH 7.2). Samples were dehydrated in a graded series of ethanol (50%, 70%, 90%, and 100%) followed by propylene oxide embedding in Epon and polymerization at 60°C for 24 hours and then at 75°C for 48 hr.
Semi-thin sections (1 µm) were cut using an ultra-microtome Ultracut E (Reichert-Leica, Germany) and stained with toluidine blue [sodium tetra borate (borax) 1 g, toluidine blue 1 g, distilled water 100 ml] [9] .
Ultra-thin sections (60-70 nm) were cut from selected blocks using an Ultrotom V R V (LKB Bromma, Germany), and routinely contrasted with uranyl-acetate and lead citrate [14] prior to examination with a JEOL 100CX II transmission electron microscope at the Electron Microscopy Unit of Assiut University.
In the current study,
Results
We examined the skeleton in different ages of quail embryos ( Figure 1 ). During embryonic development, cartilage templates of many skeletal elements were formed. Undifferentiated cells continues with the surrounding mesenchyme or perichondrium were observed within the cartilage template of both male and female embryos. The cells had the characteristic morphological features of the mesenchymal cells. They appeared flattened or spindle-shaped with oval nucleus contained euchromatin and sometimes heterochromatin. The cells were connected with each other by cytoplasmic processes (Figures 2E,  2F , 3A-D, 3G, 4A-D and 4F). In flat bone, individual mesenchymal cells could be observed in the cartilage templates. Cellular deformation was seen during the cellular invasion ( Figure 2A ). The amount of the mesenchymal cells varied as masses of low ( Figure 2B ) or high cellular densities ( Figure 2C ). Sometimes, the mesenchymal cells were packed forming cellular streaks. Mesenchymal cell streaks may be parallel or randomly organized ( Figure 2G and 2H). Bifurcations of the mesenchymal cells pathway could be observed ( Figure 3G ). The mesenchymal cells transformed to chondrocytes ( Figure 2D ) and produced safranin O positive proteoglycan-rich matrix ( Figure 3D ). In long bones, cellular invasion occurred in resting or proliferating or hypertrophic zone of the growing cartilage ( Figure 3D , 3F and 3H).
By SEM, Undifferentiated mesenchymal cells were identified as small flattened cells located inside the cartilage ( Figure 4A , 4B and 4F). Cell processes connecting between mesenchymal cells and differentiating chondrocytes ( Figure 4C and 4D). Mesenchymal cells could be seen contiuned with the perichondrium (Figure 4C ).
Semithin and ultrathin sections showed showed mesenchymal cells and differentiating chondrocytes inside the occipital cartilage. Mesenchymal cells appreared flattened with cell processes and the nucleus was oval with euchromatin ( Figure 5A and 5D ). Mesenchymal cells were connected with the perichondrial cells ( Figure 5B and 5C). Differentating chondrocytes were flattened, oval or rounded in shape had cell processes connected with other chondrocytes ( Figure 5E ). Interstitial mesenchymal cells differentiation was observed in the nasal ( Figure 6A and 6B), occipital ( Figure 6C and 6D), turbinate ( Figure 6E and 6F), lacrimal ( Figure 6G and 6H), sternum ( Figure 6I and 6J), frontal ( Figure 7A and 7B), premaxilla ( Figure 7A and 7C), maxilla ( Figure 7D and 7F), dentary ( Figure 7G-7I ), ribs ( Figure 8A and 8B), humerus ( Figure 8C and 8D) , radius, ulna ( Figure 8E and 8F), femur ( Figures 8G, 8H , 9G and 9H), tibiotarsal, digit ( Figure 9A and 9B), vertebrae ( Figure 9C and 9D) , clavicle, ( Figure 9E and 9F) . Multiple focal sites of cellular invasion c ( Figure 8I and 8J ) an be seen in the cartilaginous elements ( Figures 2G, 2H , 3G, 6D, 6F, 7G, 7H, 8A-8I, 9A and 9B). Existence of mesenchymal cells in cartilage templetes could be observed in 6th day ( Figure 6A -6D),7 th day ( Figure 6E-6J ), became more prominent in 8th day (Figures 2-4, 7 , 9C, 9D, 10 and 11), 9 th day (Figures 8, 9A and 9B) and continued to later stages of embryonic development as it can be observed clavicle of 13 ( Figure 9E and 9F) and 16 ( Figure 9G and 9H) day of incubation. Cartilage templetes with mesenchymal cell was not observed all examined embryos as shown in Table 2 . ( Figure 10C-10F ). CD117 positive mesenchymal cells continued with the perichondrium. The morphological characteristics of the invading cells were identical to mesenchymal cells ( Figure 10A and 10B) . Intense CD117 as a marker for mesenchymal cells was used to detect the distribution of mesenchymal cells in the embryonic skeletal elements. CD117 positive mesenchymal cells were observed in the mesenchyme around the cartilage templates where perichondrium was not established immunostained perichondrial cells surrounded the cartilage templates ( Figure 10A and 10E) . Some chondrocytes stained for CD117 ( Figure  10E ). Immunostaining of 8-day embryonic quail cartilage using Anti-Collagen II antibody [6B3] revealed positive mesenchymal cells which located inside the cartilage matrix, perichondrial cells, and chondrocytes ( Figure 11A, 11C, 11E and 11F ). MMP-9 strong positive mesenchymal cells were detected in the perichondrial connective tissue and inside cartilage matrix ( Figure 12A-12D) . In certain areas, cartilage matrix degradation was observed around the invading mesenchymal cells ( Figure 12E and 12F ). Paraffin sections of quail embryos in 9 (A-H) day of incubation stained with H&E. A, B: mesenchymal cells "arrows" in primitive cartilage templates of the ribs (ri). "B" represented a high magnification of the squared areas in "A". C, D: mesenchymal cells "arrows" in primitive cartilage templates of the humerus (H). "D" represented a high magnification of the squared areas in "C". "D" represented a high magnification of the squared areas in "C". E, F: mesenchymal cells "arrows" in primitive cartilage templates of the radius (r) and ulna (U). "F" represented a high magnification of the squared areas in "E". G, H: mesenchymal cells "arrows" in primitive cartilage templates of the Femur (F). "H" represented a high magnification of the squared areas in "G". I, J: mesenchymal cells "arrows" in primitive cartilage templates of the tibiotarsal (T). "J" represented a high magnification of the squared areas in "I".
Figure 9:
Mesenchymal cell invasion in digit, vertebrae, clavicle, femur cartilage templates. Paraffin sections of quail embryos in 8 "C, D", 9 "A-B", 13 "E, F" and 16 "G, H" day of incubation stained with H&E. A, B: mesenchymal cells "arrows" in primitive cartilage templates of the digit (d). "B" represented a high magnification of the squared areas in "A". C, D: mesenchymal cells "arrows" in primitive cartilage templates of the vertebrae (V). "D" represented a high magnification of the squared areas in "C". E, F: mesenchymal cells "arrows" in primitive cartilage templates of the clavicle (C). "F" represented a high magnification of the squared areas in "E". G, H: mesenchymal cells "arrows" in primitive cartilage templates of the femur (F). "H" represented a high magnification of the squared areas in "G". 
Discussion
Cartilage growth and renewal especially early stages of cartilage development, are of significant interest to researchers. This study described an unusual mode of cartilage growth during embryonic development of skeletal elements in quail, and comparing it with the commonly known modes of cartilage growth, and used immunohistochemical staining of different molecular markers to identify the type of cells involved in this form of cartilage growth. C-KIT or KIT is a type of tyrosine kinase receptor expressed on the cell surface. C-KIT is activated upon binding by the corresponding ligand a stem cell factor, to regulate cellular differentiation, proliferation, chemotaxis, cell adhesion and apoptosis. Different C-KIT-dependent cell types have been identified such as mast cells, some hematopoietic stem cells, germ cells, melanocytes, Cajal cells of the gastrointestinal tract, and oncogenic cells [15, 16] . In the current study, we used C-KIT immunostaining in the skull of quail embryos to localize mesenchymal cells in and around cartilage elements. C-KIT-positive cells were identified in perichondrial cells, the mesenchyme around the cartilage template and mesenchymal cells inside the cartilage matrix. Typical morphological features of mesenchymal cells were identified using paraffin sections and TEM, and SEM. They appeared small in size and possessed cell processes extending from either the surrounding mesenchyme or the perichondrium. Localization of mesenchymal cells inside the cartilage could be observed in different patterns; with areas of high cellular density, low cellular density or as individual cells. Mesenchymal cells may be connected by cell processes and appeared as cellular streaks. Multiple sites of mesenchymal cells localization were observed in cartilage templates.
We used histochemical and Immunohistochemical staining to identify the cell lineage of mesenchymal cells. For the detection of cartilage-specific proteins, we used antibody against type II collagen [6B3] which is known to positively stain fetal and juvenile chondrocytes. Immunostaining of embryonic quail cartilage showed positive staining for type II collagen in invading mesenchymal cells which were located inside the cartilage matrix, besides perichondrial cells and chondrocytes. Moreover, the invading mesenchymal cells differentiated into cells producing safranin O-positive proteoglycanrich matrix. This finding indicated that the invading mesenchymal cells had a chondrogenic potentiality and can produce cartilage-specific proteins. Thus, the invading mesenchymal cells contribute at least in part to the growth of quail embryonic cartilage. This is addition to the known modes of cartilage growth, where undifferentiated cells in the perichondrium produce new circumferential cartilage matrix which is responsible for cartilage growth in appositional manner while the division of chondrocytes within the matrix drives interstitial growth [17, 18] .
MMP or matrixins are a family of metal-dependent endopeptidases which can degrade extracellular matrix components and have a role in tissue remodeling during physiological or pathological conditions. Twenty-four groups of matrix metalloproteinase enzymes are recognized in humans [19] . MMPs are categorized depending on the structural domains and substrate specificity into collagenases, gelatinases, stromelysins, and membrane type MMPs (MT-MMPs) [3] . Gelatinases are sub-grouped into gelatinase A (MMP-2) and gelatinase B (MMP-9). MMP-9 is involved in angiogenesis, the migration of immune cells, the activation of cytokines and chemokines, and cancer progression (Klein and Bischoff, 2011) . MMP-9 degrades collagen types IV, V, XIk´, XIVl´, elastin, aggrecan, link protein, decorinr, lamininn, entactin, SPARCq, myelin basic proteinm,∞2Mn, ∞1Pli, IL-1βj, proTNF-∞k [5] . In the current study, we used immunohistochemical staining to identify MMP-9 expression in embryonic quail cartilage. MMP-9-positive mesenchymal cells were detected in the perichondrial connective tissue and within the cartilage matrix suggesting that mesenchymal cells have invasive properties and are likely to have a perichondrial origin. MMP-9 was associated with degradation of cartilage matrix during osteoarthritis [20] . Invasion is characteristic of other cells that secrete MMPs such as endothelial cells which promote neural progenitor cell migration and angiogenesis [21] , cancer cells [22, 23] , embryonic trophoblasts [24] , fibroblasts, neutrophils, eosinophils, macrophages, T-cells, chondrocytes and osteoblasts [25] .
Invasion of mesenchymal cells in the cartilage templates of long bones is usually associated with vascular cells. The invaded cells acquire an osteogenic cell lineage having a role in the endochondral ossification process [26, 27] . Vascular channels, which are also known as cartilage channels, are formed in developing cartilage before ossification. Cartilage canals originate as perichondrial papillae from the surrounding connective tissue to provide nutrients to the cartilage. The perivascular cells erode the cartilage matrix [28] , and progressively penetrate the cartilage matrix to develop the epiphyseal and diaphyseal Immunohistochemical staining of paraffin of 8 days quail rib cartilage template with MMP-9 "A, C" and negative control "B, D" and occipital bone stained by H&E "E, F". A, B: rib cartilage template (R). C: arrows refer to intense MMP-9 immunostained inside the cartilage template; arrowheads refer to MMP-9 positive chondrocytes. D: arrows refer to typical mesenchymal cells with cell processes. E, F: Cartilage matrix degradation "asterisk" in areas of mesenchymal cells "arrows" invasion.
cartilage canals [7] . MMP-9 has been found in the induction of cartilage canals formation [29] . Cartilage canals consist of blood vessels, perivascular cells (in particular mesenchymal cells) [30] , monocytes, and macrophages [28] . Moreover, cells of osteogenic lineage have been identified in cartilage canals. These cells predominately express type I collagen and the bone-specific protein, periostin [31] [32] [33] . Morover, type II collagen reacting cells are detected in cartilage canals by [34] [35] [36] . In our study, we found that mesenchymal cells were not restricted to the epiphysis and the diaphysis. Furthermore, there was no evidence that vascular invasion accompanied mesenchymal cell migration.
A pervious study found invasive mesenchymal cells of chondrogenic potentiality. The cellular invasion was confined to the central hypertrophic zone of the cartilage template of the developing femur and tibia in quail embryos. The invading cells were uniformly distributed along the hypertrophic zone [8] , which is contrast to the current study, in which where cellular invasion was observed in a focal manner mainly at multiple sites. A similar process of cartilage growth is observed in the cartilaginous tissue of the air-breathing organ in catfish. Mesenchymal cells invade the cartilage at multiple sites and differentiate to chondrogenic cells which secrete a new cartilage matrix. Interstitial mesenchymal differentiation occurred at the sites of the vacated lacunae as a result of chondrocyte deaths. Mesenchymal cells invade the hyaline cartilage to be replaced by an elastic type. This invasive interstitial differentiation of the mesenchymal cells contributed to cartilage growth, renewal, and replacement [35] . In conclusion, we found that C-KIT positive mesenchymal cells secrete MMP-9 to invade the growing cartilage. Further these cells, produce type II collagen and proteoglycan, and have a role in the interstitial growth of cartilage templates during early and late stages of skeletal development in quail embryos.
Clinical Correlations
Degenerative cartilaginous disorders are a major concern in skeletal diseases. Undifferentiated mesenchymal cells have been used in recent research towards the development of therapeutic applications toward replacing damaged cartilage. In the current study, we found that undifferentiated mesenchymal cells invaded the growing cartilage to provide a new population of chondrogenic progenitors and secrete new cartilage matrix. Investigations in the molecular regulatory pathway(s) involved in undifferentiated mesenchymal cells invasion and differentiation may provide valuable insight to future researchers to improve the mesenchymal cell response and ultimately, may lead to new therapeutic applications for cartilage disorders.
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